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Description 

BACKGROUND OF THE INVENTION 
5 1. Field of the Invention. 

[0001 ] This invention relates to a glass substrate having a pyrolytic anti-reflective coating. More particularly, this inven- 
tion relates to a combined coating stack that reduces reflection from the film side while providing an aesthetically n^ral 
tint. Even more particularly, this invention is directed to a coating stack of an iridescence-suppressing interlayer and a 
10 multilayered anti-reflective coating stack which enhances the reduction in visible reflectance while improving the color 
properties of the coated glass article. 

2. Summary of Related Art. 

15 [0002] Coatings on glass are commonly utilized to provide specific energy attenuation and light transmittance prop- 
erties. Additionally, coatings are designed to reduce reflections from interfaces between individual coating layers and 
the glass when a plurality of coatings are applied onto a glass substrate. The coated articles are often utilized singularly, 
or in combination with other coated articles, to form a glazing. 

[0003] The attributes of a coated glass substrate are dependent upon the specific coatings applied to the glass sub- 
20 strata. The coating compositions and thicknesses impart energy absorption and light transmittance properties within 
the coated article while also affecting the spectral properties. Desired attributes may be obtainable by adjusting the 
compositions or thicknesses of the coating layer or layers. However, adjustments to enhance a specific property can 
adversely impact other transmittance or spectral properties of the coated glass article. Obtaining desired spectral prop- 
erties is often difficult when trying to combine specific energy absorption and light transmittance properties in a coated 
25 glass article. 

[0004] Anti-reflective coatings on glass are utilized to reduce the surface reflection of optical components and to 
reduce the reflectance of an Interface between optical media with different refractive indices. The reduction of visible 
reflection is achieved by the principle of optical Interference. When light impinges on the air-film, film-film, and film-glass 
interfaces, a portion of the beam is reflected at each interface. By proper choice of thin film materials and thicknesses, 

30 the individual reflected light beams can destructively interfere thereby reducing the observed visual reflectance. 

[0005] While anti-reflective coatings on glass substrates are capable of reducing the observed visual reflectance, the 
visible light that is reflected is often an undesirable non-neutral color when viewed at a 90 degree angle incident from 
the glass. For purposes of this Invention, a neutral color is defined under the CIELAB color scale system with an a* 
value In tiie range of about 6 to about -6 and b* value in the range of about 6 to -6. 

35 [0006] It would be advantageous to provide a coated glass article having a low visible light reflection with the reflected 
light being neutral in color. 

[0007] It would be a further advantage to a color neutral anti-reflective coating that may be applied pyrolytically onto 
a glass substrate. A pyrolytic film enables the deposition of the film on-line, for example, in a float glass production proc- 
ess. 

40 

SUMMARY OF THE INVENTION 

[0008] In accordance with the present invention, there is provided a thin film stack which may be applied onto a glass 
substrate to form a coated glass article. The coated glass article may be utilized as an anti-reflective article. The thin 
45 film stack of the present invention results in a reduction of reflected visible light over conventional anti-reflective coat- 
ings. Additionally, the present invention results In a desirable neutral color in visible reflection. 

[0009] The thin film stack of the present invention is applied onto a surface of a glass substrate. The thin film stack 
includes an iridescence-suppressing interlayer deposited on and adhered to the surface of the substrate. A first coating 
of a transparent thin film is tiien deposited on and adhered to the Iridescence-suppressing interlayer. A second coating 
50 of a transparent thin film Is deposited on and adhered to the first coating of the transparent thin film. The refractive index 
of the first coating of transparent thin film is at least akK)ut 0.2 greater than the refractive index of the second coating of 
the transparent thin film. 

[001 0] The iridescence-suppressing Interlayer may be a single layer, a two layer stacK or a gradient layer applied onto 
the glass substrate. The thicknesses of the iridescence-suppressing layer utilized in the present inventive coating are 
55 dependent upon the specific Iridescence-suppressing layer utilized. 

[001 1 ] The first and second coatings of the transparent thin films are generally applied consecutively over the irides- 
cence-suppressing interlayer. Each of the coatings is applied at thickness in the range of about 700 angstroms to about 
1500 angstroms. 
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[0012] The coated glass article of the present invention exhibits an llluminant C single surface reflectance, taken over 
a wavelength range of-390 nm to 750 nm at a normal incidence (90°) from the film side of the article, of about 1.0 or 
less. Preferably, the single surface reflectance from the film side is less than 0.7 and most preferably less than 0.5. 
[001 3] In addition to a low single surface reflection, the present invention exhibits a neutral color in reflection. The neu- 

5 tral color is desirable for many end use applications for the coated glass article. The neutral color is defined by CIELAB 
color scale values of a* in the range of about 6 to about -6 and b* in the range of about 6 to about -6. 
[0014] The thin film stack of the present invention is preferably applied pyrolytically, on-line onto a float glass ribbon. 
[001 5] It is an object of the present invention to provide a coated glass with an improved reduction of visible reflection 
and an improved color in visible reflection. 

10 [001 6] It is a further object of the present invention to provide an antiref lective coating that can be pyrolytically depos- 
ited onto a glass substrate. Each of the layers or films of the present coating stack may be formed using in conventional 
deposition precursors. The pyrolytic deposition enables tiie application of the film onto a float glass ribbon directly in the 
glass production process. 

15 BRIEF DESCRIPTION OF THE DRAWINGS 

[0017] The above, as well as other advantages of the present invention, will be become readily apparent to those 
skilled in the art from the following detailed description when considered in the light of the accompanying drawings In 
which: 

20 

FIG.1 is a broken sectional view of a coated glass article according to the present invention; 
FIG.2 is a graph of total reflection over a wavelength range of 390 nm to 720 nm for several coated glass articles; 
FIG.3 is a graph of total reflection over a given wavelengtii range of 390 nm to 720 nm for several coated glass arti- 
cles; and 

25 FIG.4 is a graph of total reflection over a wavelength range of 390 nm to 720 nm for several coated glass articles. 
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

[0018] It has been discovered that a thin film stack, utilizing an iridescence-suppressing interlayer combined with f 
30 transparent thin film coatings, is suitable for use on a glass substrate to form an anti-reflective article. The resulting ^$ 
coated article exhibits an improved reduction in visible reflection over conventional anti-reflective coatings while also 
improving the reflected color from the film side of the article. 

[001 9] The coated glass article of the present invention is especially suitable for applications requiring anti-reflective ^ 
glass articles. For example, the coated glass article having an iridescence-suppressing interlayer and an antireflective 
35 coating may be applied with items such as computer displays, solar devices, display cases, watch crystals, eye glasses, f 
and television screens. However, the coated glass article of the present invention may also be utilized for other applica- 
tions, such as architectural glazings and vehicle windows. 

[0020] The glass substrates suitable for use in preparing tiie coated glass article according to the present invention 
may include any of the conventional clear glass compositions known in the art. The preferred substrate is a clear float 

40 glass ribbon wherein tiie coating of the present invention, along with other optional coatings, is applied in the heated 
zone of the f bat glass process. However, otiier conventional processes for applying coatings on glass substrates are 
suitable for use with the present inventive coating. Additionally, other tinted glass substrates may be utilized as a sub- 
strate for the application of the coatings of the present invention. Tinted substrates may be selected to impart specific 
spectral properties in the coated article. 

45 [0021] The iridescence-suppressing interlayer of the present invention provides a means to reflect and refract light to 
interfere with tiie observance of iridescence. Iridescence-suppressing coatings are conventionally known within the art. 
For example. U.S. Patent Nos. 4.187,336, 4,419.386. and 4.206.252 herein incorporated by reference, describe coating 
techniques suitable for suppressing interference colors. The interlayer of the present invention may comprise a single 
iridescence-suppressing coating, a two component coating, or a gradient coating. 

so [0022] The color of light transmitted and reflected from coated glass substrates is measured according to the CIELAB 
color scale coordinates of a* and b^. A positive a* number indicates a red color hue and a negative value indicates a 
green color hue. A positive b* indicates yellow while a negative value indicates blue. A color saturation value, c*, is 
related to the observance of iridescence colors and is defined as the square root of a*^ + b*^ . A coated glass article 
having a saturation value or c^ of less than 12 units will not exhibit iridescence. 

55 [0023] With a single component interlayer, the suppression of iridescent colors may be accomplished by selecting an 
interlayer having a refractive index intermediate between the refractive indices of tiie glass substrate and the coating 
deposited onto the interlayer. An interlayer thickness selection of 1/4 wavelength of a 500 nm design wavelength serves 
to cancel out the reflected waves and therefore suppress iridescence. Compounds suitak>le for use include metal oxides 
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or metal nitrides. The most preferred composition is a silicon oxycarbide. 

[0024] In a two component interlayer, the coating deposited onto and adhering to the glass substrate has a high 
refractive index in the visible spectrum. A second coating, having a low refractive index, is deposited on and adheres to 
the first coating of the interlayer. Each interlayer has a thickness selected such that the interlayer forms a combined total 

5 optical thickness of about 1/6th to about 1/1 2th of a 500 nm design wavelength. 

[0025] The coatings suitable for use as high refractive index coatings include various metal oxides and nitrides, and 
their mixtures which have the proper refractive index. The preferred coating for use with the present invention is tin 
oxide. The low index coating of the interlayer may include silicon dioxide, silicone polymer, magnesium oxide, and cry- 
olite, with silicon dioxide being the preferred coating. 

10 [0026] In accordance with the present invention, a gradient coating may be utilized as an iridescence-suppressing 
layer. A gradient coating generally comprises a layer which gradually transitions from one metal oxide or nitride film to 
another. Thus, the varying compositions result in a varying refractive indices which suppress iridescent colors. For 
example, a single gradient coating may include silica which gradually transitions into a tin oxide, cadmium stannate, sil- 
icon nitride, titanium oxide, or indium oxide. 

75 [0027] The iridescence-suppressing interlayers are suitably applied onto the glass substrate through conventional thin 
film coating applications. For example, the layers nr^y be applied onto a float glass substrate in the heated zone of a 
float glass process by known chemical vapor deposition techniques or other known pyrolytic techniques. 
[0028] The first coating of a transparent thin film and the second coating of a transparent thin film in the multilayer 
stack of tiie present invention are specifically applied to reduce the reflection of visible light by the principle of optical 

20 interference. Two layer anti-reflective coatings generally utilize a stack with each layer being 1/4 X at a 550 nm design 
wavelength. The layers have alternating high and low refractive indices. Depending upon the material utilized for each 
film, the film thicknesses are selected to take advantage of interference and minimize the reflection which is equal to 
the square of the resultant amplitude. Those skilled in the art are capable of optimizing the thickness for a given film 
once the materials for each film are selected. 

25 [0029] For purposes of the invention, a transparent thin film is one which has an extinction co-efficient of less than 
0.1 . The value of the extinction co-efficient indicates that the selected films are non-absorbing films. 
[0030] The anti-reflective properties of the invention are achieved by selecting a first coating of a transparent thin film 
having a refractive index of at least 0.2 greater than the refractive index of the second coating of a transparent thin film. 
This feature provides a sufficient difference in the refractive indices to enable the reduction of reflective properties under 

30 the principle of optical interference. 

[0031] In accordance with the present invention, the first coating of a transparent thin film has a preferred refractive 
index of about 1.8 to about 2.6. Films capable of achieving the preferred refractive index include those selected from 
the group consisting of metal oxides, mixed metal oxides, conductive metal oxides, zinc sulfide, silicon nitride, silicon 
carbide, and silicon oxycarbide. The metal component of the metal oxides, mixed metal oxides, and conductive metal 

35 oxides preferably include metals selected from the group consisting of silicon, tin. indium, aluminum, and titanium. The 
first coating of a transparent thin film Is most preferably a titanium oxide, tin oxide, or doped tin oxide film. The thickness 
of the first coating is in the range of about 700 angstrorrts to about 1500 angstroms. 

[0032] The second coating of a transparent thin film preferat>ly has a refractive index of about 1.25 to about 1.65. 
Films capable having a refractive index within the desired range include metal oxides, mixed metal oxides, magnesium 
40 fluoride, aluminum oxide, and aluminum nitride. The preferred metal is silicon. However, other metal oxides or mixed 
metal oxides having a refractive index of about 0.2 less than the selected first coating may be suitable for use with the 
present invention. The most preferred coating Is silicon dioxide, which in addition to possessing the desired refractive 
index also provides a durable outer coating. The tiiickness of the second coating is in the range of about 700 angstroms 
to about 1500 angstroms. 

45 [0033] Optionally, as will be appreciated by those skilled in the art, the multilayered anti-reflective coating stack of the 
invention could include more than two layers. Thus, where the multilayered anti-reflective coating stack included, for 
example, three transparent thin films, the refractive index of the second coating would be higher than tiiat of both the 
first and the third coatings. In addition, a thin protective overcoat (not shown) could be applied over the multilayered anti- 
reflective coating stack which, if sufficientiy thin, would not signif icantiy affect the exhibited reflection regardless of its 

50 refractive index. 

[0034] The first coating, second coating, and optional third coating are suitak^ly prepared and applied onto the glass 
substrate t>y any of tiie conventional pyrolytic deposition metinods generally recognized within the art. For example, tiie 
coatings may be applied onto a float glass ribbon in the heated zone of a float glass production process. A conventional 
coating apparatus may be utilized in the heated zone of float bath to apply tiie coatings of tiie present invention. 
55 [0035] One example of a coated glass article produced in accordance with the present invention is depicted in Rg. 1 . 
The coated glass article 10 conrtprises a glass substrate 12 with an iridescence-suppressing interlayer 1 4. As illustrated 
in Rg. 1 . the iridescence-suppressing interlayer 14 is made up a first layer 16 of, for example, tin oxide. A second layer 
18 of. for example, silicon dioxide, is applied over the tin oxide layer 16 to complete the iridescence-suppressing inter- 
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layer 14. A multilayered anti-reflective coating stad< 20 is applied over the iridescence-suppressing interlayer 14. The 
anti-reflective coating stack 20 includes a first coating 22 of. for exanple. a fluorine doped tin oxide. A second coating 
24 of. for example, a silicon dioxide is then applied onto the first coating 22 of the anti-reflective coating stack 20. 
[0036] The resulting article produced in accordance witii the present invention Is an anti-reflective glass article which 

5 exhibits a total reflection of less than 5%, preferably less than 4.8% and most preferably less than 4.5%. The measured 
reflection is an integrated value of llluminant C reflectance over a wavelength range of 390 nm to 750 nm at a normal 
incidence to the substrate off of the coated surface. The measurement represents the reflection from all surfaces of the 
coated article. A single surface reflection from the film side is measured under the same noted conditions and is 1% or 
less. Preferably, the single surface reflection is less than 0.7% and most preferably less than 0.5%. The above values 

10 are for a coated glass article in accordance with the invention in which the glass substrate Is clear glass. Of course, wrtii 
a body tinted glass substrate, the measured reflectance will be lower. 

[0037] The coated article of the present invention exhibits an aesthetically neutral color in reflectance. The color is 
preferably indicated by CIELAB color scale values of a* in the range of about 6 to about -6 and b*" in tiie range of about 
6 to about -6. 

15 [0038] In comparison to conventional anti-reflective coatings, the present invention achieves a significant improve- 
ment in color, while also redudng the visible reflection. Conventional two layer anti-reflective coatings generally utilize 
a stack with each layer being 1/4 X at a 550 nm design wavelength. The layers have alternating high and low refractive 
indices. An example would include an undoped tin oxide layer of about 705 angstroms thick on a 0.125 inch glass sub- 
strate with a silicon dioxide layer of about 950 angstroms thick applied over the tin oxide layer. The resulting coated arti- 

20 cles exhibit a visible light transmittance (III C) of 92.5% and a visible reflection of 5.5%. 

[0039] The following examples, which constitute the best mode presently contemplated by the inventors for practicing 
the present invention, are presented solely for the purpose of further illustrating and disclosing the present invention, 
and are not to be construed as a limitation on the invention. 

25 Examples 1-9 

[0040] A series of nine different Examples were run on a conputer program utilizing conventional modeling algorithms 
to simulate various coating stacks. The computer model provides optical and specti-al properties of each coated article. 
[0041] Each of the coated glass articles may be generally produced in a float glass process on a clear float glass rib- 
30 bon having a thickness of 0.125 inches, although obviously the thickness of the glass substrate may be varied greatiy. 
A series of conventional coating devices may be used in succession in the heated zone of a float bath to pyrolytically 
deposit the coating stacks onto tiie substrate. Conventional deposition precursors may be utilized to obtain the individ- 
ual coatings. 

[0042] In Examples 1 through 3. a series of coatings were applied onto glass substrates to demonstrate the present 

35 invention. Example 1 demonstrates an anti-reflective coating without an iridescence-suppressing interlayer. Example 2 
includes a 650 angstrom coating of a single iridescence-suppressing interlayer of a silicon oxycarbide. Example 3 
includes a two layer iridescence-suppressing interlayer of 150 angstroms of tin oxide followed by 150 angstronrts of sil- 
icon dioxide. An anti-reflective stack of a 950 angstroms of tin oxide followed by 800 angstroms of silicon dioxide are 
applied over the iridescence-suppressing interlayer. or. with Example 1 , over the glass substrate. 

40 [0043] Table 1 lists the coating stacks for each exanrple and provides the resulting total reflection, ILL C at normal 
incidence from the film side, and the corresponding a* and b* values. The a* and b* values indicate that the color neu- 
trality of the coated articles with an iridescence-suppressing interlayer is significantiy improved over the color of the anti- 
reflective stack of Example 1. Figure 2 is a graph of the total reflection for Example 1-3. as measured over the wave- 
length range of 390 nm to 720 nm. The figure demonstrates tiie reduction in total reflection and the improvement in 

45 color neutrality by the coated articles produced in accordance with the present invention. The improvement in color neu- 
trality is attributed to the reduction of reflectance at the extreme ends of the measured spectrum. 
[0044] Examples 4-6 provide a similar comparison as Examples 1 -3. Examples 5 and 6 each include an iridescence- 
suppressing interlayer. In examples 4-6. the anti-reflective coatings include a first thin film of 800 angstroms of fluorine 
doped tin oxide followed by 900 angstroms of silicon dioxide. The thicknesses for each of corresponding films are listed 

50 in Table 1 . Figure 3 is a graph of the total reflectance over a wavelength range of 390 nm to 720 nm. The figure indicates 
the improvement of the coated articles utilizing the coating stack of the present invention. 

[0045] Examples 7-9 also provide a similar comparison as examples 1-3. Examples 8 arKl 9 each include an irides- 
cence-suppressing interlayer. Example 7 includes a anti-reflective stack without an underlying iridescence-suppressing 
interlayer. The anti-reflective stack for each Example includes a 1000 angstrom layer of titanium oxide followed by a 725 
55 angstrom layer of silicon dioxide. Table 1 lists the thicknesses for the layers comprising' the coating stacks of each 
Example. Rgure 4 is a graph of the total reflectance over a wavelength range of 390 nm to 720 nm for each of tiie 
coated articles in examples 7-9. The figure indicates the improvement of tiie coated articles utilizing the coating stack 
of tiie present invention over the conventional anti-reflective stack of Example 7. 
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Table 1 



Example 


Coated Article (thicknesses in ang- 
stroms) 


RF% 


a* (film) 


b* (film) 


1 


800 SiO2/950 Sn02/glass 


4.6 


7 


-7.6 


2 


800 SiO2/950 SnO2/650 SICO/glass 


4.3 


0.5 


-2 


3 


800 SiO2/950 SnO2/150 SiO2/150 


4.3 


1.1 


-3.7 


4 


900 SiO2/800 Sn02:F/glass 


4.8 


8.3 


-14.1 


5 


900 SiO2/800 SnO2:F/620 SICO/glass 


4.3 


0.4 


-4.8 


6 


900 SiO2/800 Sn02:F/235 SiO2/210 


4.2 


1.5 


-4.1 


7 


725 SiO2/1000 Ti02/glass 


5 


2.7 


-7.2 


8 


725 SiO2/1000 Ti02/675 SICO/glass 


4.6 


-1.2 


0,8 


9 


725 SiO2/1000 T1O2/300 SI02/175 


4,4 


1.8 


-0.2 
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Claims 

1. A glass article, comprising: 

25 (a) a glass substrate having a surface, 

(b) an iridescence-suppressing interlayer deposited on and adhering to the surface of the glass substrate; 

(c) a first coating of a transparent thin film deposited on and adhering to said Iridescence-suppressing inter- 
layer; and 

(d) a second coating of a transparent thin film deposited on and adhering to said first coating to form a coated 
30 glass article, said first coating having a refractive index of at least 0.2 greater than a refractive index of said sec- 
ond coating, said coated glass article having a single surface reflectance, llluminant C at normal incidence 
from the film side, of one or less. 

2. A glass article as recited In claim 1 , wherein said first coating of a transparent thin film is selected from the group 
35 consisting of metal oxides, mixed metal oxides, conductive metal oxides, zinc sulfide, silicon nitride, silicon carbide, 

and silicon oxycarbide. 

3. A glass article as recited in claim 2, wherein said metal oxides, mixed metal oxides, and conductive metal oxides 
include metals selected from the group consisting of silicon, tin, indium, aluminum, and titanium. 

40 

4. A glass article as recited in claim 1 , wherein said second coating of transparent thin film is selected from the group 
consisting of metal oxides, mixed metal oxides, magnesium fluoride, aluminum oxide, and aluminum nitride. 

5. A glass article as recited in daim 4. wherein said metal oxides, mixed metal oxides, and conductive metal oxides 
45 include metals selected from the group consisting of silicon, tin, indium, and titanium. 

6. A glass article as recited in claim 1, wherein said first coating of a transparent thin film has a refractive index of 
about 1 .8 to about 2.6. 

so 7. A glass article as recited in claim 1 , wherein said second coating of a transparent thin film has a refractive index of 
aljout 1.25 to about 1.65. 

8. A glass article as recited in claim 1 , wherein said coated glass article has a total reflectance, llluminant C at normal 
incidence from the film side, of less than 5%. 

ss 

9. The coated glass article of claim 1 , wherein sard interlayer has a refractive index defined as about the square root 
of the multiple of the refractive indices of said glass, said first coating, and said second coating, said interlayer hav- 
ing a total optical thickness of about 1/4 wavelength of a 500 nanometer design wavelength. 
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10. The coated glass article of claim 1 . wherein said interlayer further comprises two component layers including. 

(a) a first component layer of relatively high index refractive index material deposited on and adhering to the 
glass substrate: 

5 (b) a second component layer of a relatively low refractive index material deposited on and adhering to the first 

component layer, wherein each component layer has a thickness such that the combined interlayer fornr^ an 
iridescence suppressing means with a total optical thickness of about 1/6th to about 1/1 2th of a 500 nanometer 
design wavelength. 

10 11. A glass article as recited in claim 10, wherein said first component layer and said second component layer each 
have thickness in the range of about 1 50 angstroms to about 300 angstroms 

12. The coated glass article of daim 1. further comprising a third coating of a transparent thin film deposited on and 
adhering to said second coating, said third coating having a refractive index of at least 0.2 greater than the refrac- 
ts tive index of said second coating. 

13. A glass article as recited in daim 1 , wherein said artide exhibits a neutral color in reflectance from the film side as 
defined in the CIELAB system having an a* value from about 6 to about -6 and a b* value of about 6 to about -6. 

20 14. A glass article as recited in claim 1 . wherein said glass substrate is a float glass ribbon and said iridescence-sup- 
pressing interlayer and said first and second coatings are deposited onto the glass substrate in afloat glass ribbon 
process. 

15. A glass article as recited in claim 1, wherein said first coating and said second coating each have a thickness of 
25 about 700 angstroms to about 1 500 angsti^oms. 

1 6. A glass article as recited in daim 1 , wherein said transparent thin films have an extinction co-efficient of about 0.1 
or less. * 

30 17. A glass article, comprising: 

(a) a glass substrate having a surface, 

(b) an iridescence-suppressing interlayer deposited on and adhering to the surface of the glass substrate: 

(c) a first coating of a transparent tiiin film deposited on and adhering to said iridescence-suppressing inter- 
35 layer; and 

(d) a second coating of a transparent thin film deposited on and adhering to said first coating to form a coated 
glass article, said first coating having a refractive index of at least 0.2 greater tiian a refractive index of said sec- 
ond coating, said glass artide having a neutral color in reflectance from the film side as defined in the CIELAB 
system having an a* value from about 6 to about -6 and a b* value of about 6 to about -6. 

40 

18. A glass article as redted in daim 17, wherein said coated glass article has a single surface reflectance, llluminant 
C at normal incidence from tiie film side, of one or less. 

19. A glass article as redted in claim 1, wherein said first coating of a transparent thin film is selected from the group 
45 consisting of metal oxides, mixed metal oxides, conductive metal oxides, zinc sulfide, silicon nitride, silicon carbide, 

and silicon oxycarbide. 

20. A glass article as redted in claim 19, wherein said metal oxides, mixed metal oxides, and conductive metal oxides 
include metals selected from the group consisting of silicon, tin, indium, aluminum, and titanium. 

50 

21 . A glass article as redted in claim 1 7, wherein said second coating of transparent thin film is selected from the group 
consisting of metal oxides, mixed metal oxides, magnesium fluoride, aluminum oxide, and aluminum nitride. 

22. A glass article as recited in claim 21. wherein said metal oxides, mixed metal oxides, and conductive metal oxides 
55 include metals selected from the group consisting of silicon, tin, indium, and titanium. 

23. A glass article as recited in claim 17, wherein said first coating of a transparent tiiin film has a refractive index of 
about 1 .8 to about 2.6. 
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24. A glass article as recrted in claim 17, wherein said second coating of a transparent thin film has a refractive index 
of about 1 .25 to about 1 .65. 

25. A glass article as recited in claim 17, wherein said first coating and said second coating each have a thickness of 
about 700 angstroms to about 1500 angstroms. 
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